sudden cardiac death, 4) and it may be a potentially life-threatening condition if not recognized. However its etiology, pathogenesis and therapeutic strategies have not as yet been fully defined. We report herein a case of a 35-year-old woman free from any traditional cardiovascular risk factors, who presented with non ST elevation myocardial infarction, was diagnosed with SCAD and treated with percutaneous coronary intervention (PCI).
Case
A 35-year-old woman was transferred to the emergency room with acute onset chest pain radiating to the neck. She was a teacher of mathematics and her symptoms initially developed during a lecture. She had no past medical history of collagen tissue disease or blunt trauma to the chest, was not on any medication and had a family history of hypercholesterolemia. She reported no autoimmune disease, was not pregnant or in the early post-partum period, nor did she take an oral contraceptive pill or report any history of drug abuse. She was also not menstruating at time of admission. Risk factors for coronary artery disease were not found. At presenta-tion, her blood pressure was 116/70 mm Hg and her heart rate was 75 beats/min. Her physical examination results were within normal limits without murmurs, rubs or gallops. There were no manifestations of connective tissue disease and the hematologic, renal parameters were normal. The initial electrocardiogram showed nonspecific T wave inversion in leads III, aVF ( Fig. 1 ) and the initial chest X-ray was normal without cardiomegaly or pulmonary edema. Cardiac enzymes were elevated with initial serum troponin T of 0.07 mcg/L (normal <0.014 mcg/L), creatinine kinase (CK) of 138 U/L (normal <215 U/L) and CK-MB of 8.49 mcg/L (normal <3.77 mcg/L). The total cholesterol, triglyceride, high density lipoprotein-cholesterol and low density lipoprotein-cholesterol results were 162 mg/dL (139-230 mg/dL), 33 mg/dL (48-177 mg/dL), 64 mg/dL (40-81 mg/dL) and 106 mg/dL (64-160 mg/dL), respectively. Transthoracic echocardiography demonstrated normal left ventricular systolic function, with an ejection fraction of 73% and no regional wall motion abnormalities. We performed coronary angiography under suspicion of myocardial infarction. The right coronary artery (RCA) and left circumflex artery images were normal, but there was diffuse stenotic lesion of the mid left anterior descending artery (LAD) with up to 80% luminal narrowing. The lesion slightly improved after intracoronary injection of nitroglycerine (Fig. 2) . To evaluate the etiology of the stenotic lesion, in terms of spasm, atherosclerosis or other cause, intravascular ultrasound (IVUS, Boston scientific Co., CA, USA) was performed. IVUS showed an isolated dissection flap composed of all of the intima and media, including the internal elastic lamina and external elastic lamina, compressed by hematoma in the false lumen at the bifurcation edge of the mid LAD and diago- 
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nal branch. The dissection entry tear site to the false lumen was not detected on angiogram. Furthermore, this site was not clearly detected even on IVUS, and there was no communication between the false and true lumen ( Fig. 3A1-A4 ). Atherosclerotic change was not detected in this vessel (LAD) on the IVUS. 3.0×28 and 2.5×23 mm sized two Xience Prime stents (Abbott Vascular, Santa Clara, CA, USA) were deployed over the dissection from the distal portion of the mid LAD for preventing any subsequent propagation of the dissection. Subsequent angiography revealed no residual stenosis without secondary dissection and restoration of Thrombolysis in Myocardial Infarction (TIMI) grade 3 flow (Fig. 3B) . Subsequent IVUS demonstrated a fully covered dissection lesion ( Fig. 3B1-B4) . The patient had a favorable clinical course and was discharged on aspirin, clopidogrel, beta blocker and statin. She remained asymptomatic without any complications at six month follow-up.
Discussion
Spontaneous coronary artery dissection is characterized by the presence of hematoma or thrombus in the false lumen, usually in the outer third of the vessel media, and it can occur primarily or secondarily.
5)6) SCAD results in separation of the layers of the coronary arterial wall leading to intramural hematoma into the false lumen, which compression the true lumen and restricts coronary blood flow, leading to coronary ischemia or infarction.
6) The first case of angiographic diagnosis was reported almost 50 years after the first description by Pretty 2) and PCI and surgical bypass were first reported in the mid-1980s.
7)
The mechanism underlying coronary dissection in atheromatous lesion is explained by the increased density of the vasa vasorum and elevated shear stress leading to rupture of the intima, thereby forming a subintimal hematoma and finally resulting in a dissection.
8)9)
However, the pathophysiology of SCAD is not well established. The probable mechanisms associated with SCAD have been reported so that patients can be separated into three different pathophysiologic groups according to their condition: 1) the non-atherosclerotic, peripartum period group; 2) the atherosclerotic group and 3) the idiopathic or heterogeneous group in which the following other conditions are present: connective tissue disorders (Marfan syndrome, Ehlers-Danlos syndrome, polyarteritis nodosa and systemic lupus 10) The most common conditions related to SCAD are coronary atherosclerosis and conditions associated with the peripartum period. In the atherosclerotic group, atherosclerotic plaque inflammation and rupture may induce disruption of the intimal-medial junction, leading to an intimal flap and subsequent intramural hematoma formation. 10)11) In contrast, peripartum dissection is not related with atherosclerotic plaque. It has been reported that eosinophils infiltrate the uterus and serum collagenase levels increase during labor and the peripartum period. Eosinophilic infiltration in the coronary artery adventitia breaks down the medial-adventitial layer, leading to coronary artery dissection.
3)9)12) In the case presented herein, the patient was most likely in the idiopathic group because she did not have atherosclerotic risk factors and was not in the peripartum period, but may have had a strenuous status at time of onset due to her profession. The IVUS findings indicated that the dissection in this case developed in the subadventitia, and there was no communication between the true and false lumen. We could not find any evidence of connective tissue disorder or history of drug abuse. The patient was also not in the menstruation period. Spontaneous coronary artery dissection is diagnosed on the basis of coronary angiography in most cases, but it can be underestimated using angiography alone. 13) Coronary angiography would simply indicate a radiolucent intimal flap or a delayed clearance of contrast from the false lumen. If there is not an intimal tear, the medial hematoma may then appear as a narrowed vessel using consecutive coronary angiography. 14) In this situation, it may be difficult to distinguish atherosclerotic stenosis or spasm from intramural hematoma or dissection. IVUS, as a complementary technique, can identify the exact location of the dissection, the relation between the false and the true lumen and the dissection flap.
15) The incidence of SCAD has been reported to be about 0.10% in recent angiographic studies. However, Hering et al.
3) reported a much higher prevalence of 1.10% in a prospective series using IVUS. In addition, multidetector computed tomography for coronary angiography and optical coherence tomography (OCT) have also been used to identify the extent and thickness of the hematoma. 16)17) In our case, we at first suspected spasm because there was no dissection or false lumen visible when we performed only coronary angiography. We could finally diagnose coronary artery dissection by performing IVUS. Consideration of other causes such as SCAD is very important in young healthy females when it is difficult to explain the pathogenesis of the stenotic lesion and there are no atherosclerotic risk factors, particularly considering the diagnostic limitation of coronary angiography alone. The LAD is the most common site of dissection in female patients, whereas the RCA is often affected in male patients.
18)
The optimal treatment for SCAD has not been clearly determined and there is no consensus as to recommendations. The selection of treatment strategy depends upon the clinical manifestation, location and extent of dissection and the amount of ischemic myocardium at risk.
1) Options include medical therapy, PCI and coronary artery bypass surgery. 19) Conservative medical therapy is a reasonable first option in mid-or distal single vessel dissection with a lumen diameter limitation <50% and TIMI grade 2 or 3 flow in the affected coronary artery. 5)9)19) However, some studies have demonstrated that early intervention with either PCI or coronary artery bypass graft (CABG) following the diagnosis of SCAD leads to a better outcome. 20) The role of thrombolytics is controversial, associated with the extension of dissection due to increased blood in the vessel wall or hematoma causing compression of the true lumen.
PCI is the therapy of choice in single vessel disease, especially proximal dissection, in which there are ongoing symptoms and persistent restriction of coronary blood flow (TIMI grade 0 or 1 flow). Given that PCI is associated with several complications relating to the passage of the coronary wire into the false lumen of the dissected vessel or the loss of coronary flow through the propagation of dissection and displacement of stents, resulting in the propagation of hematoma, PCI could be limited to cases in which there are ongoing symptoms of ischemia. 5) However, there has been no consensus on the appropriate extent of stent coverage in terms of whether there should be proximal portion coverage only or full coverage of the dissection area, because, as occurred in our case, there is no communication between true and false lumen. As such, further prospective randomized trial is needed to confirm the use of PCI in such cases. Likewise, adjunctive imaging technologies such as IVUS and OCT should be considered to determine the extent of dissection and to provide real-time guidance about intervention. In the present case, we performed PCI for persistent ongoing chest pain and IVUS was used for determine the extent and location of the dissection. Third, CABG is the treatment of choice in multiple vessel disease, especially where there is left main stem involvement with on going ischemia refractory to medical or interventional therapy and when there is hemodynamic instability. 9) In our case, the dissection was distributed from a relatively proximal location of the bifurcation site to the distal mid LAD, therefore we performed PCI on the affected coronary artery. We also covered the entire lesion with coronary stents, including the hematoma, so as to prevent propagation to the distal vessel.
In conclusion, SCAD is a very rare but serious cause of ACS. The suspicion of SCAD is very important in the differential diagnosis of chest pain with no risk factors for atherosclerosis, especially in healthy young females. Furthermore, IVUS is an important additional
